This research work focuses on the development of extrusion of non-standard PVC pipe and characterization of the obtained product. The extrusion technology and poly(vinil chloride) polymer are described in shortest. Non-standard extruded PVC pipes were developed in three phases. Characterization of the non-standard extruded PVC pipes includes testing of nonstandard properties, standard PVC pipes characteristics and additional properties. Non-standard properties include specific dimensional (non-standard outside diameter and inside diameter), hydraulical (hydraulic burst pressure in a short period of time in water-air and water-water experiments) and mechanical (external radial compressive force and internal tensile radial strength) characteristics. The standard extruded PVC pipes characteristics were, also, determined (density, visual appearance, Vicat softening temperature, dimensional longitudinal stability and resistance to external blows and to dichloro methane). Additional tested properties are resistance to severe external blows, dimensional radial stability, impact resistance and hardness. Deliberately produced damage has no negative effect on pipes' hydraulic and mechanical characteristics. Based on presented results concerning the non-standard, standard and additional properties and deliberately produced damage, it is concluded that a high quality non-standard extruded PVC is developed.
Introduction
HIS paper has two goals: the first is development of extrusion procedure of non-standard pipe using poly(vinyl chloride) based compound and the second is characterization of extruded non-standard poly(vinyl chloride) (abbreviated: PVC) pipe.
The characterization of non-standard extruded PVC pipes includes testing of non-standard properties, standard PVC pipes characteristics and additional properties.
Non-standard extruded PVC pipe propreties are specific dimensional demands, visual demands, hydraulic demands and mechanical demands.
Standard extruded PVC pipes characteristics are density, visual appearance, Vicat softening temperature, dimensional longitudinal stability and resistance to external blows and resistance to dichloro methane.
Additional tested properties are resistance to severe external blows, dimensional radial stability, impact resistance and hardness.
Experimental part

Polyvinyl chloride
Concerning synthetic polymers, PVC based compounds can be considered as the most versatile plastic materials to processing technologies [1] . PVC based compounds can be processed by extrusion, calandering, injection molding, impregnation, blow molding, casting.
Unmodified PVC is too brittle so the appropriate additives should be added, such as heat stabilizers, UV stabilizers, plasticizers, processing aids, impact modifiers, thermal modifiers, fillers, flame retardants, biocides, blowing agents, smoke suppressors, pigments.
PVC is mostly amorphous structure and its characteristics depend on the mean molecular mass (which is, practically, expressed using K factor introduced 1930 by Fikentscher) and additives [2] .
Rigid compound for PVC pipe extrusion (mixture of PVC resin and a combination of stabilizers, lubricants, pigments and modifiers) is carefully developed to provide specific properties that are application dependent.
Extrusion
Extrusion is a compression process in which a material is forced to flow through a die orifice to provide a long continuous product whose cross-sectional shape is determined by the shape of the orifice [3] .
Typical plastic materials used in extrusion are poly(vinyl chloride), polyethylene, polypropylene, polybutylene, polyacetal, polyacrylic, polystyrene, acrylonitrile butadiene styrene and engineering thermoplastics (e.g. polyamide and polycarbonate) [4, 5] .
In shortest, during the polymer extrusion, feedstock, i.e. compound (in pellet or powder form), is a gravity fed into a hopper and further into the barrel, where it comes in contact with a screw. The rotating screw forces the plastic compound beads forward into the barrel (which is heated to the desired melt temperature of the used plastic). Components of a screw extruder are presented in Fig.1 .
At the front of the barrel, the thermoplastic material leaves the screw and travels through a wire meshes supported by stiff breaker plate, whose most important function is to convert a "rotational memory" of the molten plastic into a "longitudinal memory". After passing through the breaker plate molten plastic enters the die, which gives the cross-sectional shape to the final product.
As it leaves the extrusion die at the exit orifice, the hot material obtains dimensions closely to a finished product dimensions and then cools into a solid state. Commonly, dimensions are established through a proper synchronization of haul-off machine (which is away from the extruder) and extruder speed [2] .
The cooling of a product is usually achieved by pulling the extrudate through a sealed bath with water in liquid or chilled state.
Development of extrusion of non-standard PVC pipe
Development is, by ancestry, a French word meaning a systematic use of science and technical knowledge to meet specific objectives and requirements [6] .
By the analysis оf the nominal outside diameter (d nom out ) and corresponding tolerancies for standard extruded PVC pipes determined in the SRPS EN ISO 1452-2 standard and demands for the outside diameter of nonstandard extruded PVC pipes {outside diameter (d out ) = 52.6 ±0,2 mm}, it can be seen that the nearest nominal outside diameter (d nom out ) of a standard pipe is 50 mm and apropriate tolerancies are ±0,2 mm [7] . Development of the extrusion procedure of non-standard PVC pipe, with the outside diameter (d out ) = 52.6 ±0,2 mm, inside diameter (d in )= 49.6 ±0,15 mm and wall thickness (t) cca 1.5 mm, was realized in three phases.
In the first phase of the development of the non-standard extruded PVC pipes, an attempt of obtaining the mentioned product was done on a processing equipment for the production of a nominal outside diameter (d nom out )=50 mm by adjusting certain technological parameters of extrusion.
A pipe extrusion was done using the calibrator and parts of the so called fifth zone (die and blackthorn) for the pipe nominal outside diameter (d nom out )=50 mm by raising vacuum to the highest possible level in the department where the calibrer is, and at this point of extrusion line a pipe outside diameter (d out ) cca 52 mm was obtained.
A haul-off machine (device which is pulling pipe through the line) is pulling pipes with the highest possible force, which causes the pipes deformation and products with the outside diameter (d out ) from 52.0 mm to 53.0 mm are obtained. In order to aviod mentioned pipes deformation, a pulling force of haull-off machine is reduced, but with the reduced pulling force, a continuous process was not possible because the extrusion line stopped and the extruded molten polymer hose broke. Based on the observed facts, it was concluded that it was not possible to produce a non-standard extruded PVC pipe with the required dimensions in the first phase.
In the second phase of the development of the mentioned non-standard pipe, an attempt was done using a newly produced calibrer for the pipe outside diameter (d out ) =52 mm, while die and blackthorn for pipe were not changed. Sketch and external view of the calibrer for pipe outside diameter (d out )=52 mm is presented in Figures 2 and 3 . During this attempt a breaking of the extruded molten polymer hose happened. Concerning that neither in this second phase was not possible to produce a non-standard extruded PVC pipe with the required dimensions, it was concluded that it is necessary to enlarge the existing die and to produce a new blackthorn.
In the third phase an assay was done using newly produced calibrer for the pipe outside diameter (d out ) =52 mm, enlarged die and newly produced blackthorn for the pipe outside diameter (d out )=52 mm and specimen of non-standard extruded PVC pipes with the required dimensions were produced, i.e. specimens had the outside diameter (d out ) from 52.5 mm to 52.7 mm and inside diameter (d in ) from 49.5 mm to 49.7 mm.
Development of the extrusion procedure of non-standard PVC pipe was done using twin screw counter rotating extruder with cooling system with vacuum bath RWN 1 produced by Cincinnati-Milacron, Wien, Austria.
Extruded material was dryblend based on OLTVIL PVC suspension, К value 67, produced by Oltchim, Ramnicu Valcea, Romania.
Investigation results of non-standard extruded PVC pipes
Characterization of non-standard extruded PVC pipes includes testing of the non-standard properties, standard PVC pipes characteristics and additional properties.
Developed extruded PVC pipes are non-standard not only for dimensional demands, but also for other technical demands, concretely: -visual demands, i.e. that the outside and inside pipe surfaces are smooth, clean and free from scoring, cavities, tool impresses and other surface defects, and that the material does not contain any impurities visible without magnification, -hydraulic demands, i.e. to whitstand a meaningful level of internal hydraulic fluid pressure in a short period of time and -mechanical demands, i.e. to whitstand an action of a static force at the external and internal side. Non-standard properties include specific dimensional nonstandard {outside diameter (d out ) and inside diameter (d in ) }, hydraulical (hydraulic burst pressure in a short period of time in water-air and water-water experiments) and mechanical (external radial compressive force and internal tensile radial strength) characteristics.
Standard extruded PVC pipes characteristics were also determined (density, visual appearance, Vicat softening temperature, dimensional longitudinal stability and resistance to the external blows and to dichloro methane).
Additional tested properties are resistance to severe external blows, dimensional radial stability (DRS), impact resistance and hardness.
Non-standard properties testing results of non-standard extruded PVC pipes
Dimensional testing results
A dimensional control, done at 30 pieces of non-standard extruded PVC pipes, pointed out that the outside diameter (d out ) is from 52.5 mm to 52.7 mm, inside diameter (d in ) is from 49.4 mm to 49.7 mm and wall thickness (t) is cca 1.5 mm.
Visual testing results
By the visual inspection of non-standard extruded PVC pipe it was found that the outside and inside pipe surfaces are smooth, clean and free from scoring, cavities, tool impresses and other surface defects, and that the material does not contain any impurities visible without magnification. Pipe specimen with the accepted visual appeаrаnce is presented in Fig.4 .
Visual inspection of pipe specimen, obtained in the first phase of the development of non-standard extruded PVC pipe, is done. Impurites are observed at few specimens and visual appearance of these pipes is presented in Fig.5 . All pipes obtained in this first phase are rejected, because the dimensional requirements were not fulfilled. 
Hydraulic testing results
Determination of the hydraulic requirements of the nonstandard extruded PVC pipe consists of testing of a burst presssure in a short period of time. The burst pressure is determined under the influence of internal hydraulic pressure of water, and in the first experiment the air was around a pipe (water-air) and in the second experiment the water was around a pipe (water-water).
For determination of a pipe hydraulic burst pressure in the water-air experiment, a compact tool, presented in Fig.6 , is used. Pipe is mounted on two supports of this compact tool, and axial stiffening is realized by the internal central carier.
For determination of the hydraulic burst pressure in the water-water experiment a multi-pieces tool, presented in Fig.7 , is used. This tool consists of two fasteners (upper and lower) and the pipe is mounted between them, and axial stiffening is realized outside using two plates and four rods. Results of determination of the hydraulic burst presssure of non-standard extruded PVC pipe with the accepted visual appearance in the water-air experiment and in the water-water experiment are presented in Table 1 . Time of pressurizing test pipe up to bursting in the waterair experiment was 2.4 seconds and in the water-water experiment it was 17 seconds.
Pipe with the accepted visual appearance after hydraulic burst pressure testing is presented in Fig.8 .
A pipe specimen with impurities (presented in Fig.5 ) is exposed to the action of internal hydarulic pressure, but it was not possible to examine hydraulic burst pressure of this pipe, because the pipe leaking was observed at the pressure of 0.8 МРа (Fig.9) . 
Mechanical testing results
Investigation of the mechanical demands of the nonstandard extruded PVC pipe consists of determining the resistance to external compressive stress in radial direction (so called radial compressive force) and determining the resistance of pipe, i.e. ring to internal tensile stress in radial direction (so called tensile ring force).
A pipe specimen 50 mm long (l), used for testing of the resistance to radial compressive force, is presented in Fig.10 . Pipe specimen is stressed from the outside with a compressive stress at the speed of 1 mm/min in radial direction (Fig.11) up to the moment when the internal surfaces of the pipe touch each other (Fig.12) . Fracture of the tested pipe specimen was not observed. Visual appearance of the pipe specimen after testing resistance to radial compressive force is presented in Fig.13 . Ring shape specimen 10 mm wide (w) is used for testing of the resistance of pipe, i.e. ring to internal tensile stress in radial direction and is presented in Fig.14 .
Ring shape specimen was stressed up to breaking with tensile force at the speed of 100 mm/min using a specific tool. Tool with the mounted ring shape specimen, cut from the pipe with the accepted visual appearance, is presented in Fig.15 . Ring specimen mark (abbreviated: Rsm), tensile breaking force (abbreviated: Tbf) and tensile strength (abbreviated: Ts) of rings with the accepted visual appearance are presented in Table 2 .
Arithmethic mean values and standard deviations of the presented 20 single values of tensile breaking force of rings, cut from the pipe with the accepted visual appearance, is (1751.0±21.9) N and tensile strength of the same rings is (58.4±0.73) МРа.
Standard properties testing results of non-standard extruded Pvc pipes
Characteristics, determined for the standard extruded PVC pipes, are tested using the non-standard extruded PVC pipes specimens.
This examination includes density, visual appearance, resistance to external blows, Vicat softening temperature, dimensional stability and resistance to dichloromethane at a specified temperature testing.
Standard extruded PVC pipes quality requirements
Standard extruded PVC pipes quality requirements, defined at the SRPS EN ISO 1452-2 standard, are presented in Table 3 [7] .
Non-standard extruded PVC pipes testing results and comparison with standard extruded PVC pipes quality requirements
Density of the non-standard extruded PVC pipes is 1.42 g/cm 3 . Visual appearance of the non-standard extruded PVC pipes is presented in paragraph 3.1.2. of this paper (outside and inside pipe surfaces are smooth, clean and free from scoring, cavities, tool impress and other surface defects, and the material does not contain any impurities visible without magnification). Resistance to dichloro methane no attack at any part of the surface of the specimen at temperature (15 ±1) о С ISO 9852 [12] Resistance to external blows was tested on 35 specimens, 200 mm long. Three blows were done at each specimen (total 105 blows). Neither failure nor damage at any specimen after any blow was recorded.
Vicat softening temperature of the non-standard extruded PVC pipes is 88 о С. Dimensional stability in the SRPS EN ISO 2505 standard is defined only by the expression [11] : DSL = (Initial length-Length after warming)/ Initial length This is a dimensional stability in longitudinal direction (DSL).
Dimensional stability of the non-standard extruded PVC pipes in longitudinal direction is 4 %.
Dimensional stability of the non-standard extruded PVC pipes specimen in longitudinal direction, obtained in the first phase of the development of extrusion process of the mentioned pipes, is 7 %. This unacceptable result (highest accepted dimensional stability in longitudinal direction is 5 %) is a consequence of the highest possible extension in the longitudinal direction, caused by the applied highest possible vacuum in the zone with calibrer.
Resistance to dichloro methane of the non-standard extruded PVC pipes was done at 16 о С and no attack at any part of the surface of the specimen was observed.
Additional properties testing results of non-standard extruded PVC pipes
Besides the examination of the characteristics which are determined for the standard extruded PVC pipes, an additional testing of non-standard extruded PVC pipes was done. This additional testing includes examination of the following properties: -resistance to much more severe external blows using heavier falling weight from higher height, -dimensional stability in radial direction, -impact resistance according to the SRPS EN ISO 179-1 standard [13] and -hardness according to the SRPS EN ISO 868 standard [14] .
A certain number of the non-standard extruded PVC pipes were exposed to a hit of striker with nose type d25 of a heavier falling weight (1.6 kg instead of 0.5 kg according to SRPS EN ISO 744) from a higher height (2.5 m instead 1.0 m according to SRPS EN ISO 744).
Neither failure nor damage at any tested specimen after any blow was recorded. On an external surface of these specimens, only a round impress of 8 mm diameter is observed.
This activity imitates a possible, unwanted situation, i.e. that pipe can be hit by a noncareful handling during a completion of the assembly, whose part is also a non-standard extruded PVC pipe. Surface of a round impress is almost at the same plane as the outside surface of pipes around the impress.
Specimen for hydraulic burst pressure testing 410 mm long, containing a round impress, and specimen for tensile breaking force testing 10 mm wide, also containing a round impress, are cut from the non-standard extruded PVC pipes.
Hydraulic burst pressure of the non-standard extruded PVC pipes specimen, which contains a round impress, was tested using a compact tool (presented in Fig.6 ) in the water-air experiment. Hydraulic burst pressure of the specimen with a round impress is 3.4 МРа and time up to bursting is 2.5.
Ring from non-standard extruded PVC pipes, which contains a round impress, is presented in Fig.16 . These rings are tested in the same way as rings cut from the non-standard extruded PVC pipes without a round impress. Ring with a round impress, mounted on a specific tool for tensile testing, is presented in Fig.17 .
Ring specimen mark, tensile breaking force and tensile strenght of the ring with a round impress are presented in Table 4 . Arithmethic mean values and standard deviations of the presented 7 single values for tensile breaking force for specimen with a round impress is (1.688.6±16.7) N, and for tensile strenght for same specimen is (56.3±0.56) МРа.
Although it is not stated in the SRPS EN ISO 2505 standard, a dimensional stability of the non-standard extruded PVC pipes specimen in radial direction (DSR) was determined according to the expression: DSR = (Initial girth -Girth after warming)/ Initial girth. Dimensional stability of the non-standard extruded PVC pipes specimen in radial direction is 0.38 %.
Impact resistance examination of the specimen (dimensions 50 mm х 6 mm х wall thickness), cut from the non-standard extruded PVC pipes, was done. None of the tested specimen was broken.
Hardness of the external surface of specimen, (dimensions 40 mm х 20 mm х wall thickness), cut from the non-standard extruded PVC pipes, is 82 H Sh D.
Testing results analysis
By comparing dimensional requirements (2.3. paragraph of this paper) and dimensional testing results (3.1.1. paragraph of this paper) it can be seen that the non-standard extruded PVC pipes fulfill the mentioned requirements.
By comparing visual requirements (3. paragraph of this paper) and visual testing results (3.1.2. paragraph of this paper) it can be seen that the non-standard extruded PVC pipes fulfill the visual requirements.
By comparing hydraulic requirements (3. paragraph of this paper) and hydraulic testing results (3.1.3. paragraph of this paper) it can be seen that the non-standard extruded PVC pipes withstand a meaningfull, even high, level of internal hydraulic pressure of fluid in a short period of time. Hydraulic burst pressure of these PVC pipes, caused by the influence of internal hydraulic pressure, in the water-air experiment was 3.5 MPa, in the water-water experiment was 3.4 MPa and pressurizing times up to bursting were 2.4 seconds and 17 seconds, respectively.
By comparing mechanical requirements (3. paragraph of this paper) and mechanical testing results (3.1.4. paragraph of this paper) it can be seen that the non-standard extruded PVC pipes withstand a meaningful action of the static force at the external and internal side.
These pipes have a high resistance to the external compressive stress in radial direction because the internal pipe surfaces touch one another under the action of mentioned force without failure.
These specimens withstand meaningful internal tensile stress in radial direction because the obtained tensile ring force and tensile strenght are high.
By comparing the standard extruded PVC pipe quality requirements (3.2.1. paragraph of this paper) and testing results of non-standard extruded PVC pipes (3.2.2. paragraph of this paper), it is obvious that the non-standard extruded PVC pipes fulfill all quality requirements for density, visual appearance, resistance to external blows, Vicat softening temperature, dimensional stability and resistance to dichloro methane at the specified temperature.
By comparing hydraulic burst pressure testing results of the non-standard extruded PVC pipe with the accepted visual appearance, presented in 3.1.3. paragraph of this paper (3.5 МРа and pressurizing time up to bursting 2.4 seconds) and additional test results of the non-standard extruded PVC pipe, concretely hydraulic burst pressure testing results of the specimen with a round impress, presented in 3.3. paragraph of this paper (3.4 МРа and pressurizing time up to bursting 2.5 seconds), it can be seen that there are no differences in the obtained results.
By comparing tensile breaking force and tensile strenght test results of the non-standard extruded PVC pipe ring with the accepted visual appearance, presented in 3.1.4. paragraph of this paper (1751 N and 58.4 MPa, respectively) and additional test results of the non-standard extruded PVC pipe, concretely hydraulic burst pressure test results of the specimen with a round impress, presented in 3.3. paragraph of this paper (1689 N and 56.3 MPa, respectively), very small differences are established (0.35 %).
These data pointed out that a deliberately produced damage, i.e. round impress, caused by a blow with striker 1.6 kg mass from height 2.5 m, has no influence on the nonstandard extruded PVC pipe quality. Dimensional stability in radial direction, impact resistance and hardness of the non-standard extruded PVC pipes specimen indicated to the accepted quality of the tested product.
Conclusions
1. Extrusion procedure of the non-standard pipes using poly(vinil chloride) based compound is developed. 2. Characterization of the non-standard extruded poly(vinil chloride) pipes is done, i.e. non-standard, standard and additional characteristics of this product are examined. Non-standard and standard extruded PVC pipes characteristics are tested using the non-standard extruded PVC pipes and additional performance are tested using the specimen cut from the mentioned pipes. 3. Developed non-standard extruded PVC pipes fulfill the requirements for the non-standard properties (dimensional, hydraulic and mechanical requirements). It is important to point out that the hydraulic burst pressure of the tested specimen is 3.5 MPa (in the water-air experiment) and 3.4 MPa (in the water-water experiment) and neither failure nor serious damage happened when the internal surfaces of the PVC nonstandard pipes touch one another under the action of a radial compressive force. 4. Developed non-standard extruded PVC pipes fulfill the requirements for all tested characteristics of the standard extruded PVC pipes (density, visual appearance, resistance to external blows, Vicat softening temperature, dimensional stability and resistance to dichloro methane at the specified temperature). 5. Besides the non-standard and standard extruded PVC pipes characteristics, additional properties are determined: -resistance to external blows using same striker type nose with the heavier falling weight (1.6 kg instead of 0.5 kg) from the higher height (2.5 m instead 1.0 m), -dimensional stability in radial direction, -impact resistance and -hardness. 6. Possible, unwanted situation in which non-standard extruded PVC pipe can be hit by a noncareful handling during the assembling of the mentioned pipe is imitated. Based on the pipe hydraulic burst pressure testing and ring tensile properties testing, it was concluded that deliberately produced damage (hit of falling weight 1.6 kg mass from 2.5 m height) has no negative effect on the pipes characteristics. 7. All presented data pointed out to a high quality of the developed non-standard extruded PVC pipes. 
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